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(57) ABSTRACT

Injection and proportioning head with at least one thermal
injection and proportioning device to supply a determined
quantity of liquid, comprising:

a hollowed out plane substrate (21) forming a liquid
reservolr and covered, 1n order, by an unconstrained
dielectric insulating membrane (22, 23) with a high
thermal resistance, and then an etched semi1 conducting,
layer forming the heating resistance (25);

an orifice (24) enabling fluid communication with said
liquid reservoir passing through said membrane and
said sem1 conducting layer;

a photolithographed resin layer in the form of a nozzle
(27) on said membrane, the duct (28) of said nozzle
being 1n line with said orifice and the volume of said
duct being such that the determined quantity of the
liquid to be supplied can be controlled.

Process for manufacturing this head.

Functionalisation or addressing system, particularly for

chemical or biochemical micro reactors comprising this
head.

26 Claims, 4 Drawing Sheets
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THERMAL INJECTION AND
PROPORTIONING HEAD,
MANUFACTURING PROCESS FOR THIS
HEAD AND FUNCTIONALIZATION OR
ADDRESSING SYSTEM COMPRISING THIS
HEAD

DESCRIPTION

This invention relates to a thermal 1njection and propor-
tioning head, and more precisely a thermal injection and
proportioning head comprising at least one thermal 1njection
and proportioning device with nozzle to supply and deliver
a determined quantity of liquid.

The 1nvention also relates to a manufacturing process for
such a head.

Finally, the invention relates to a functionalisation or
addressing system comprising such a head, particularly for
biological or chemical micro reactors.

The 1nvention 1s generally within the field or devices used
to deposit several micro drops of a determined volume of
liquid onto a substrate, or to add or inject several micro
drops 1nto micro reservoirs.

For example, these liquid drops may be DNA solutions of
immunology reagents, which form miniaturized rows or
matrices of drops or test reservoirs, which are used particu-
larly for medical analyses.

For example, 1t 1s known that biochips are devices that can
be used to make a very large number of bio analyses in
parallel. The principle 1s to make test micro reservoir
matrices 1n miniaturized form.

Each test point 1s specific and 1s the result of a precise mix
or combination of chemical or biochemical elements. These
mixes or combinations may be made by several processes,
which may have been classified in two main categories.

In the first category of these processes called biochip
functionalisation processes, the constituents are applied one
by one and the reactions are checked by addressing an action
to facilitate or inhibit the reaction on targeted micro reser-
VOITS.

In the second category of biochip functionalisation
processes, the specific constituents are added point by point
mechanically mto the targeted micro reservoir; the domain
of the mvention 1s related to this second category.

Biochip functionalisation processes are divided between
firstly “in situ” processes and secondly “ex situ” processes.

The AFFIMETRIX® process 1s the main 1n situ synthesis
process, 1 other words for example the synthesis of a DNA
strand, and 1s done directly on the chip, on a solid support.
This process 1s based on 1n situ synthesis, in other words
directly on the chip, of trace nucleotides, for example DNA
strands, with methods derived from photolithography.

The surfaces of hybridisation units (UH), modified by a
photolabile protective group, are illuminated through a
photolithography mask. UHs thus exposed to light radiation
are selectively deprotected and can therefore be subse-
quently coupled to the next nucleic acid. The deprotection
and coupling cycles are repeated until all required trace
nucleotides are obtained.

Experiments have already been carried out with other EX
SITU processes using the microelectronic capacities of
silicon. The chip comprises several platinum microelec-
tronic electrodes, placed 1n the bottom of dishes machined in
silicon and addressed individually. The probes, such as trace
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nucleotides or DNA strands are coupled to a pyrrole group
and are directed by an electric field to the activated
clectrode, where copolymerisation takes place 1n the pres-
ence of free pyrrole and the result 1s electrochemical bond-
ing of the probes.

Based on the above, 1t appears that in situ synthesis
processes such as AFFIMETRIX® are used to achieve high
densities of hybridising units and use perfectly controlled
techniques compatible with silicon supports. Their major
disadvantages are their high cost which makes it impossible
for small entities such as research laboratories or medical
analysis laboratories to use them, and the fact that the low
cificiency of the photodetection reaction means that there 1s
a great deal of redundancy in the sequences present on the

chip.

Manufacture 1s relatively difficult particularly due to the
photolithographic masks and 1s therefore adapted particu-
larly to targeted objectives with high usage volumes.

In “ex situ” processes, 1n other words processes 1n which
the DNA strand 1s synthesised ex situ, each sequence must
be pre-synthesised independently of the others and then
transferred to the support. The procedure 1s long and 1t 1s
impossible to make a large number of different sequences on
the same chip. The chips made will thus be low density
chips.

The second category of addressing processes, that can be
qualified as mechanical addressing processes regardless of
whether they are ex situ or 1n situ, 1s represented by many
processes that are already marketed, 1n which robotized, for
example pneumatically activated, micropipettes assembled
in matrix form, pick up constituents (generally a solution
containing DNA fragments or trace nucleotides) and deposit
them 1n the form of precise doses, for example micro drops
in test tubes or on miniaturized supports. Glass slides are
usually used as support, or structured supports may be used
supporting micro wells etched 1n the material. Each of the
bases (A, G, C, T) can also be deposited in sequence on the
olass slide 1n the required order.

These conventional techniques are typically used in
96-pin matrices, and higher densities are possible. The
objective with these mechanical processes would be to reach
10 000 dots or more, since there 1s a large number of tests
to be carried out 1n parallel. The number of pins on the same
waler may be as high as 8000.

The production of micro reservoir matrices 1s a simple
problem that can easily be solved by microelectronic tech-
nologies. We can make:

simple substrates comprising matrices micro-machined
by chemical or plasma means. Densities of the order of

10 000 dots/cm” are typical, but 100 000 dots/cm” are
also possible;

substrates mstrumented by electronic or electromechani-
cal systems; the MICAM chip marketed by the Cis-
Bio® Company 1s a good example of these substrates.
This is the (ex situ) process illustrated 1n the first case
above.

The more difficult problem 1s actually to deposit the
reagents (probes or others) specifically in each micro reser-
volr. Several techniques are used for pipetting, including
deposition by “pin and ring” by capillary contact; deviated
continuous piezoelectric “ink jet” or “drop on demand”, or
thermal 1nk jet.

The technique used 1n thermal 1nk jet printer heads 1s very
widespread and very reliable.

In general, a thermal ik jet printer head, for example
acting as a thermal proportioner micro injector, satisfies the
operating principle described below.
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The liquid to be ejected 1s confined 1n a reservorr.

A heating resistance very locally increases the tempera-
ture 1n the reservoir and vaporizes the liquid in contact with
the heating area. The gas bubble thus formed creates an
overpressure that ejects a drop outside the reservorr.

FIG. 1 1deally performs this function.

Under the effect of pressure and capillarity forces, the
nozzle (1) with radius r (6) 1s filled with liquid from a
reservoir (4). The nozzle is surrounded by a heat input
system at a depth L (2), for example a heating resistance (5)
operating by the Joule effect.

Under the effect of the temperature increase at the level
(3) and the vaporization of volatile species of the liquid, the
top part of the liquid 1s ejected forming a drop with size
v=mn-L, where r is the radius (6) of the nozzle (1) and L is the
height of the liquid column corresponding to the depth (2).

Operation 1s possible continuously, and enables the pro-
duction of a sequence of drops. Operation 1s also possible
drop by drop. The internal radius of the nozzle and its height
L are controlled so that drops of the order of one picoliter
can be produced with injection densities of 10> to 10%/cm=.
The hole density 1s important because there 1s no thermal
interaction from one hole to the next.

There are three main types of thermal 1nk jet printer head

devices that apply the principle described above illustrated
in FIG. 1.

The first of these devices 1s the “EDGESHOOTER”
device 1n which two substrates, one made of silicon sup-
porting the heating eclement and one made of glass, are
combined using a glued film and structured by photolithog-
raphy. Drops are ejected laterally on the edge of the device.

The second 1s the “SIDESHOOTER” device for which the
structure, similar to the structure of the previous device,
comprises a silicon substrate and a glued film, but which are
covered by a metallic plate on which the nozzles are made.
Drops are ejected facing the heating element.

The third 1s the “BACKSHOOTER” device 1in which the
print head 1s made from oriented silicon substrates <110>.

The ducts through which the ink passes are made by
anisotropic etching of one side of the substrate, while thin
films are deposited on the other side that enable production
of the membrane supporting the heating element and the
electronics. The nozzles are located at the centre of the
membrane and the heating elements are located on each side
of the membrane. Resolution can be as high as 300 dpi (dots
per inch) and 600 dpi.

In all cases, in other words for the three devices, the print
head 1s composed of a single line comprising only about fifty
nozzles each about 20 umx30 um. The velocity of the drops
at ejection varies from 10 to 15 m/s.

For example, this type of device 1s described 1n docu-
ments PCT/DE 91/00364, EP-A-0 530 209, ... DE-A-42 14

554, DE-A-42 14555 and DE-A-42 14556.

All these thermal ink jet print head devices, particularly
when used for an application such as a thermal proportion-
ing micro 1njector head, have the serious disadvantage of
large heat losses.

Consequently, it 1s only possible to make heads with a
single line of holes rather than a matrix. Therefore, the
densities and resolutions are not nearly suflicient.

Therefore, there 1s a need for an injection and propor-
tioning head comprising a thermal injection and proportion-
ing device that does not have this serious disadvantage.

There 1s also a need for an injection and proportioning,
head that can achieve densities and resolutions at least
equivalent to those obtained with 1n situ addressing or
synthesis systems such as AFFIMETRIX® without having
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these disadvantages. At the moment, no mechanical address-
ing system 1s capable of achieving these densities and
resolutions.

The purpose of this invention 1s to provide an injection
and proportioning head for a thermal 1njection proportioning,
device which, among others, satisfies all the needs men-
tioned above.

Another purpose of this invention 1s to provide a thermal
injection and proportioning head that does not have the
disadvantages, limitations, defects and drawbacks of injec-
fion and proportioning heads according to prior art and
which solves the problems that arise for injection and
proportioning heads according to prior art.

This and other purposes are achieved according to the
invention by an injection and proportioning head comprising
at least one thermal injection and proportioning device to
supply a given quantity of liquid, said device comprising:

a hollowed out plane substrate forming a liquid reservoir

and covered, 1in order, by an unconstrained dielectric
insulating membrane with a high thermal resistance,
and then an etched semi-conducting layer forming the
heating resistance;

an orifice allowing fluid communication with said liquid
reservolr passing through said membrane and said semi
conducting layer;

a layer of photolithographed resin in the form of a nozzle
on said membrane, the duct for said nozzle being
located along the same line as said orifice and the
volume of said duct being used to control the quantity
of liquid to be supplied.

According to the mvention, heating 1s done on an uncon-
strained dielectric insulating membrane with a high thermal
resistance, and consequently heat losses are very much
reduced and as a result 1t will be possible to make a head
comprising a two-dimensional matrix of nozzles or holes,
rather than simply a simple line or row.

In other words, the structure of the device according to the
invention comprising three layers on the substrate and which
has never been mentioned 1n prior art 1s such that, surpris-
ingly and optimally, the heat generated only very slowly
passes through the membrane that has a high or very high
thermal resistance. Thus one of the major disadvantages of
similar devices according to prior art, namely high heat
losses, 1s eliminated. Injection-proportioning devices 1n a
head can be brought closer together and have a significantly
higher density than 1n prior art. Thus, heads according to the
invention can be used to make two-dimensional matrices of
nozzles or injection-proportioning holes with a high density,
for example 10%/cm”.

Furthermore, the volume to be delivered and supplied 1n
the device according to the invention 1s easily and very
precisely determined by the volume of the nozzle duct and
which 1s easily made from photolithographed resin.

The head according to the invention can supply perfectly
defined quantities of liquid at perfectly defined points, for
example with a density of 10" to 10°/cm*, which has never
been achieved 1n the past with mechanical devices of the
thermal micropipette type.

The determined quantity of liquid to be supplied and
delivered by the device 1s usually between 1 and a few nl,
up to 100 ul. This 1s why the term “micropipette” 1s
generally used.

The substrate 1s generally made of monocrystalline
silicon, possibly doped.

Advantageously, according to the invention, the uncon-
strained dielectric insulating membrane with a high thermal
resistance 1s composed of a stack of two layers, with
thicknesses such that the (thermo)mechanical stress in the
stack 1s zero.
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The membrane can thus be composed of a stack of a first
layer of S10, on the substrate, followed by a second layer of
SiN_ where x 1s preferably 1.2.

For example, the semi-conducting layer could be poly-
silicon or doped polycrystalline silicon. The doping element
could advantageously be phosphorus.

It 1s also possible to provide a chemically and thermally
insulating layer between the etched semi-conducting layer
forming a heating resistance and the layer of photolitho-
ographed resin 1n the form of a nozzle.

Advantageously, the head according to the invention
comprises several of said thermal 1njection and proportion-
ing devices.

Preferably, this 1s made possible by the structure of the
device according to the mvention, said devices and conse-
quently the holes or nozzles are arranged 1n the form of a
two-dimensional matrix.

When the head comprises several thermal injection and
proportioning devices, the number of these devices may for
example be 10~ to 10 for a head area of 10 mm~ to 1.5 cm?.

Advantageously, the head according to the invention 1s
formed entirely from a single substrate; from a single
insulating membrane, semi-conducting layer and photolitho-
oraphed resin layer.

The 1nvention also relates to a process for manufacturing
an 1njection and proportioning head according to claim 1, 1n
which the following steps are carried out 1n sequence:

an unconstrained dielectric 1insulating layer or membrane
with a high thermal resistance 1s made on the two faces
of a plane substrate;

a semi conducting layer 1s deposited on the dielectric
insulating layers;

a pattern of a photosensifive resin 1s made on a semi
conducting layer located on the top face of the
substrate, and then the areas of the unconstrained semi
conducting layer not protected by resin are eliminated,
thus making a heating resistance pattern;

a chemically and thermally insulating layer may be made
on the top face of the substrate;

an orifice 1s made 1 the semi-conducting layer, mn the
unconstrained dielectric insulating layer with a high
thermal resistance on the top face of the substrate, and
possibly 1 the chemically and thermally insulating
layer;

a thick layer of photosensitive resin 1s deposited on the top
face of the substrate and it 1s photolithographed to
make a nozzle in line with the orifice;

openings are made 1n the dielectric insulating layer on the
back of the substrate;

the areas of the back face of the substrate not protected by
the dielectric insulating layer are etched, in order to
create a reservolr for the liquid to be ejected and to
release the membrane.

The substrate may be made of a monocrystalline silicon,
possibly doped.

Advantageously, the dielectric insulating membrane 1s
made by successively depositing two layers forming a stack
on the substrate, the thicknesses of the two layers being such
that the (thermo)mechanical stress in the stack is zero.

The first layer may be a layer of S10, and the second layer
may be a layer of SiN_.

The semi conducting layer 1s generally made of polysili-
con or polycrystalline silicon, preferably doped by phos-
phorus.

The areas of the semi1 conducting layer not protected by
the photosensitive resin are preferably ecliminated by a
plasma etching process.
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The heating resistance pattern 1s usually 1n the form of a
square surrounding the ejection head, but it may also have
any geometry enabling a local but sufficient temperature
Increase.

The chemically and thermally msulating layer 1s usually
made of a layer of silicon oxide, of the Spin On Glass (SOG)

type.
The orifice or hole 1n the chemically and thermally

insulating layer (if there is such a layer), in the semi-
conducting layer and in the dielectric mnsulating layer may
be made by a chemical etching and/or plasma etching
process depending on the layer.

The openings 1n the dielectric mnsulating layer on the back
face of the substrate are preferably made by photolithogra-
phy.

The unprotected areas of the back face of the substrate are
usually etched by a chemical process, but may be etched by
plasma.

Finally, the invention relates to a functionalisation or
addressing system, particularly for chemical or biochemaical
micro reactors comprising the ejection and proportioning
head described above.

In this type of system, the proportioned injected liquid
may for example be a solution of reagents such as
phosphoramidites, etc.

This type of system according to the invention overcomes
the difficulties mentioned above for such systems either of
the “in situ” or “ex situ” type.

In particular, systems according to the invention 1n which
the heads comprise mjection device matrices and therefore
nozzles have the following advantages:

the possibility of functionalising a large number of small
hybridisation units (<100 umx100 um) in parallel;

use of the chemical method and therefore improvement of
synthesis yields;

flexibility of the device to make the required sequences on
request, without any cost effectiveness threshold prob-
lem;

low cost.

At the present time, the use of biochips 1s limited to a few
larce companies. The system according to the invention
makes this use possible by all potential customers.

Thus, apart from genomics or biochips, heads and systems
according to the invention can be used 1n combinational
chemistry or pharmaceutical formulation applications.

The mvention will now be described 1n detail. The fol-
lowing description 1s given for 1llustrative and non limitative
purposes with reference to the appended drawings, wherein:

FIG. 1 1s a diagrammatic sectional view of an 1deal
theoretical device for a thermal proportioning micro injec-
tor;

FIG. 2 1s a diagrammatic sectional view of a thermal
proportioning micro injector according to the invention; and

FIGS. 3 to 12 are diagrammatic sectional views that
illustrate the different steps 1n the process according to the
invention.

The structure of the thermal proportioning micro injector
in FIG. 2 comprises firstly a monocrystalline silicon support
(11), preferably a monocrystalline silicon doped by an
clement, particularly such as chemical etching of silicon, 1n
basic solutions 1f possible.

For example, the doping element may be chosen among
boron and phosphorus.

There 1s a membrane on the support composed of a first
insulating layer of Si0, (22) and a second layer of SiN_ (23)
where x=1.2. The relative thickness of each of these 1nsu-
lating layers 1s controlled such that there 1s very little and
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preferably no residual mechanical stress with the monoc-
rystalline silicon support.

Furthermore, the thickness of the S1N _ layer 1s preferably
such that the residual mechanical stress resulting from the
stack of these two layers 1s theoretically zero.

The thickness of the S10, layer 1s usually 0.8 to 1.6 um,
whereas the thickness of the SIN _layer 1s usually 0.2 to 0.9
uM.

A small hole (24) is formed in this membrane. This hole
1s usually circular, for example with a diameter from 5 to 50
microns.

The membrane supports an integrated heating resistance
(25), usually made of strongly doped polycrystalline silicon
in order to achieve the lowest possible electrical resistivity.

The doping element of this polycrystalline silicon will for
example be chosen from among phosphorus and boron with
a content of 10" to 10°° at/cm”.

This type of heating resistance may locally warm up to
high temperatures of up to several hundred of degrees, for
example from 40 to 500° C.

The heating resistance 1s thermally and chemaically
insulated, preferably by a layer of silicon oxide (26), for
example a “spin on glass” type layer of silicon oxide.

A nozzle 1s added onto the 1nsulating silicon oxide layer,
this nozzle (27) is usually made from a photosensitive resin
such as SVS8 resin (CIPEC®), due to the manufacturing
process used.

The duct (28) of the nozzle (27) 1s in line with the hole
made 1n the membrane and the insulating layer, for example
made of silicon oxide.

The manufacturing process according to the invention
comprises the following steps illustrated i FIGS. 3 to 12:

1. The substrate or nozzle support (21) is a double sided
polished silicon wafer, for example 350 to 500 ym thick with
dimensions 10 to 15 cm. The dimensions of the wafer are
large enough to make 50 to 1000 thermal proportioning
micro 1njectors. As already mentioned above, 1t 1s a monoc-
rystalline silicon support, preferably doped by an element
such that chemical etching of the doped silicon 1s possible,
particularly 1n basic solutions such as KOH or TMAH.
Therefore the doping element may be chosen from among
boron or phosphorous, with a content of 10*° to 10'® at/cm”.

2. A silicon oxide layer (22), for example with a thickness
between 0.8 to 1.6 um, 1s made on the two faces of the wafer
(FIG. 3).

The oxide layer (22) is obtained by direct oxidation of
silicon, usually at a temperature of 1150° C.

3. Alayer of SiN_ (23) is then deposited on the two faces
of the wafer (FIG. 4). In the formula SiN_, x 1s a real number
x=1.2. The thickness of this layer 1s such that the residual
mechanical stress resulting from the stack of the S10, layer
and the SiN_ layer 1s theoretically zero. Thus, the thickness
of the SiN_ layer 1s usually between 0.2 and 0.9 um.

The deposit 1s usually made using a vapour phase depo-
sition technique.

The layers of S10, and SIN_ present on the back face of
the silicon wafer will be used at the end of masking layer
manufacturing process during chemical etching to release
the membrane.

4. A layer of polysilicon or polycrystalline silicon (25) is
then deposited on the two faces of the wafer (FIG. §). The
thickness of this layer i1s usually between 0.5 and 1.5 um.
The deposit 1s usually made using a vapour phase deposition
technique.

This layer (25) 1s then doped, for example by diffusion of
phosphorus to achieve the lowest possible electric resistiv-
ity. Therefore, the content of a doping agent such as phos-
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phorus 1n the polysilicon layer (25), will usually be between
10'” and 10°° at/cm’. The diffusion doping operation is
usually done under the conditions T=950° C. for 25 minutes.

5. The polysilicon layer deposited 1n step 4 1s covered
with a photosensitive resin (29) in a square pattern and over
a thickness of for example 1 to 3 um. For example, this
photosensitive resin may be chosen from among CLARI-
ANT resins.

The photosensitive resin (29) is generally deposited using
a centrifugal deposition technique.

The photosensitive resin (29) is selectively etched using a
photolithography technique. Polysilicon areas not protected
by the resin are eliminated by plasma etching.

The pattern thus formed 1s used to make a heating
resistance approximately in the form of a ring (FIGS. 6 and
7).

6. For example, the polysilicon resistance 1s covered with
a spin on glass type silicon oxide layer (26), usually 100 to
200 nm thick, so that 1t 1s electrically and chemically
protected from the outside environment (FIG. 8).

7. A hole (24) that will form the ejection orifice, 1s made
at the centre of the heating resistance by chemical etching,
for example, in a HF solution of silicon oxide (“spin on
glass”) then plasma etching of SiIN_. and then once HF
chemical etching of the silicon oxide layer (FIG. 9).

This hole (24) is usually circular and has a diameter of
between 5 and 50 um.

8. A thick layer of photosensitive resin (27) is based on the
spin on glass silicon oxide layer (26). A thick layer usually
means a layer with a thickness of between 1 #m and 100 um.

The photosensitive resin 1s usually the SV8 resin made by
CITEC® and the deposition technique 1s deposition by
centrifuging.

After the deposition, the resin layer 1s photolithographed
in order to make the ducts (28) of the nozzles surrounding
the hole or injection orifice (FIG. 10).

9. Openings (31) are formed in the S10, and SiN_ layers
present on the back face using a photolithography process,
already presented above (FIG. 11).

10. Chemical etching of areas not protected by the S10,/
SiN _ double layer, for example in a solution of KOH or
TMAH, firstly excavates the reservoir (32) in the silicon
substrate, to hold the liquid to be injected and also releases
the membrane supporting the heating device and the ejection
nozzle (FIG. 12).

What 1s claimed 1s:

1. An mjection and proportioning head comprising at least
one thermal 1njection and proportioning device to supply a
determined quantity of liquid, said device comprising:

a hollowed out plane substrate (21) forming a liquid

reservolr and covered, 1n order, by

a directly deposited unconstrained dielectric insulating,
membrane (22, 23) with a high thermal resistance,

a directly deposited etched semi1 conducting layer form-
ing the heating resistance (25);

an orifice (24) enabling fluid communication with said
liquid reservoir passing through said membrane and
said sem1 conducting layer, and thereafter

a photolithographed resin layer 1n the form of a nozzle
(27) on said membrane, the duct (28) of said nozzle
being 1n line with said orifice and the volume of said
duct being such that the determined quantity of the
liguad to be supplied can be controlled.

2. Injection and proportioning head according to claim 1,
in which the determined quantity of liquid 1s 1 nl to 100 .

3. Head according to claim 1, in which the substrate
comprises monocrystalline silicon.
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4. Head according to claim 1, in which the semi conduct-
ing layer 1s made of doped polysilicon or polycrystalline
silicon.

5. Head according to claim 4, in which the polysilicon or
the polycrystalline silicon 1s doped by phosphorus.

6. Head according to claim 1, 1n which a chemically and
thermally insulating layer 1s also provided between the
ctched semi conducting layer and the photolithographed
resin layer 1n the form of a nozzle.

7. Head according to claim 1, comprising several thermal
injection and proportioning devices.

8. Head according to claim 7, in which said devices are
arranged 1n the form of a two-dimensional matrix.

9. Head according to claim 7, comprising 10° to 10°
injection devices.

10. Head according to claim 7, in which the head 1is
formed entirely from a single substrate; from a single
insulating membrane, semi1 conducting layer, a chemically
and thermally 1nsulating layer if there i1s one, and a photo-
lithographed resin layer.

11. Functionalisation or addressing system, particularly
for chemical or biochemical micro reactors, comprising the
injection and proportioning head according to claim 1.

12. Use of the system according to claim 11 1n techniques
using biochips, genomics, combinational chemistry of phar-
maceutical formulation.

13. Use of the head according to claim 1, in techniques
involving biochips, genomics, combinational chemistry or
pharmaceutical formulation.

14. Head according to claim 1, in which the substrate
comprises doped monocrystalline silicon.

15. An injection and proportioning head comprising at
least one thermal i1njection and proportioning device to
supply a determined quantity of liquid, said device com-
prising:

a hollowed out plane substrate (21) forming a liquid

reservolr and covered, 1n order, by

an unconstrained dielectric insulating membrane (22,23)
with a high thermal resistance composed of a stack of
two layers, the thickness of which are such that the
(thermo)mechanical stress 1n the stack 1s zero,

an etched semi conducting layer forming the heating
resistance (25),

an orifice (24) enabling fluid communication with said
liquid reservoir passing through said membrane and
said semi1 conducting layer,

a photolithographed resin layer in the form of a nozzle
(27) on said membrane, the duct (28) of said nozzle
being 1n line with said orifice and the volume of said
duct being such that the determined quantity of the
liquid to be supplied can be controlled.

16. Head according to claim 15, in which the membrane
1s composed of a stack comprising, 1n order, a first layer of
S10,, on the substrate, followed by a second layer of SiN,,,
where X 1s preferably 1.2.

17. Manufacturing process for an injection and propor-
tioning head according to claim 1, in which the following
steps are carried out 1n sequence:

an unconstrained dielectric 1insulating layer or membrane
with a high thermal resistance 1s directly made on the
two faces of a plane substrate;

a semi conducting layer 1s directly deposited on the
dielectric insulating layers;

a pattern of a photosensitive resin 1s made on a semi
conducting layer located on the top face of the
substrate, and then the areas of the unconstrained semi
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conducting layer not protected by resin are eliminated,
thus making a heating resistance pattern;

a chemically and thermally insulating layer may be made
on the top face of the substrate;

an orifice 1s made 1n the semi-conducting layer, in the
unconstrained dielectric insulating layer with a high
thermal resistance on the top face of the inorganic plane
substrate, and possibly 1n the chemically and thermally
insulating layer;

a thick layer of photosensitive resin 1s deposited on the top
face of the substrate and 1t 1s photolithographed to
make a nozzle 1n line with the orifice;

openings are made 1n the dielectric insulating layer on the
back of the substrate;

the areas of the back face of the morganic plane substrate
not protected by the dielectric insulating layer are
etched, 1n order to create a reservoir for the liquid to be
ejected and to release the membrane.

18. Process according to claim 17, in which the substrate
1s made of monocrystalline silicon.

19. Manufacturing process for an injection and propor-
tioning head according to claim 1, m which the following
steps are carried out 1n sequence:

an unconstrained dielectric insulating membrane 1s
formed on both sides of the substrate forming a stack,
the thickness of the two layers being such that the
(thermo)mechanical stress of the stack is zero with a
high thermal resistance 1s made on the top face and
back face of a plane substrate;

a sem1 conducting layer i1s deposited on the dielectric
insulating membrane;

a pattern of a photosensitive resin 1s made on a semi
conducting layer located on the top face of the
substrate, and then the areas of the semi conducting
layer not protected by resin are eliminated, thus making
a heating resistance pattern;

a chemically and thermally insulating layer may be made
on the face of the substrate;

an orifice 1s made 1n the semi-conducting layer, 1n the
unconstrained dielectric insulating membrane with a
high thermal resistance on the top face of the plane

substrate, and possibly 1n the chemically and thermally
insulating layer;

a thick layer of photosensitive resin 1s deposited on the top
face of the substrate and 1t 1s photolithographed to
make a nozzle 1n line with the orifice;

openings are made 1n the dielectric insulating membrane
on the back of the substrate;

arcas of the back face of the substrate are etched, 1n order
to create a reservoir for the liquid to be ejected and to
release the membrane.

20. Process according to claim 19, in which the first layer
of the stack 1s an S10,, layer and the second layer 1s an SiN,
layer wherein x 1s about 1.2.

21. Process according to claim 17, in which the semi
conducting layer 1s made of doped polysilicon or polycrys-
talline silicon.
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22. Process according to claim 17, in which the areas of
the sem1 conducting layer not protected by the photosensi-
five resin are eliminated using a plasma etching process.

23. Process according to claim 17, 1n which the orifice 1n
the chemically and thermally insulating layer, if any, 1n the
semi1 conducting layer and 1n the dielectric insulating layer,

1s made using a chemical etching and/or plasma etching
process, depending on the layer.
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24. Process according to claim 17, in which the openings
in the dielectric msulating layer on the back face of the
substrate are made by photolithography.

25. Process according to claim 17, in which the unpro-
tected areas on the back face of the substrate are etched by

a chemical process.
26. Process according to claim 17, 1n which the substrate

comprises doped monocrystalline silicon.
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